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(S4) Tttfe: INDICATOR INK COMTOSITIONS 
(57) Abstract 

The tnveniJOfi relates to indicator ink compositions that contain a water-based dispersion of a phenol-fonnaldehyde resin, at least one 
colorant and an amine*tenninated catalysL These indicator ink compositions are fixed to a surface, such as by drying, and respond to specific 
conditi ns of time, temperature, humidity, pressure and the presence or absence of certain chemicals by changing color, expositions 
provide a means for detecting exposure to a predetermined condition and can be fixed or odierwise attached tonearly any article or designed 
into patterns on materials. Exposure of the indicator ink to the specific condition, the indicator ink provides a permanent detectable record 
of the event. Funher. by varying the amount of amine*terminated catalyst in the formuladon. the specific conditions at which the indicator 
composition will change color can be altered. Such compositions are specifically useful for determining the effectiveness of a sterilization 
process. 
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INDICATOR INK COMPOSITIONS 

Baelrymiifid 

1. Field of die luventioii 

The invention relates to ink conqrasitions which provide a 
5 detectable indication of conditions involving time, tonperanire, pressure, energy 
or die presence or absence of certamdiemicals. These conqjositions are useftil 
in industry and manufiwturing for detecting environmental conditions and in 
medicine for determining the effectiveness of sterilization processes. 
2- Background of the Invention 

In many areas of manufocturing. analysis and lesearch. and 
especially in the Held of medical research and testing, ejqiosure to «»*rilwms is 

required to aa»nq>lish specifo objectives such as curing a conoponent, rendering 
a device sterile or determining how a material widistands ej^osure to a steiilam 
or to a sterilizing oivironment. Sterilization processes to whidi materials can 

IS be exposed inchide. inter atia, gamma radiation, ed^lene oxide, E-beam. steam, 
vapor phase hydrogen peroxide, ultraviolet light, dry heat, peracetic acid, gas 
plasma and steam-fonnaldehyde. 

Sterilization is generally defined as the process of cmiqiletely 
destroying all viable microorganisms inehiding organisms such as viruses and 

ZO spoies. Considering the risks associated with improper sterilization, it is always 
beneficial to monitor die effectiveness of material sterilization. Standard 
practice is to include a sterility indicator with the articles to be sterilized. The 
use of steriUty indicators allows for a direct and sensitive approach to assess the 
lediality of the process. The Qrpical sterilior indicator is a packaged assembly 

53 of conqxments which is placed mto the sterilizing environment wiUi die articles 
to be sterilized. These conqmnents are specifically affected by one or more 
parameters of the sterilization process and analyzed after completion of die 
procedure. These and odier conventional indicators are described in U.S. Patent 
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Nos. 2»606,6S4. 4,396.773 and 4,717,661, which are hereby specifically 
incoiporated by reference as are all U.S. patent documents cited herein. 

There are two ^neral ^pes of sterili^ indicators, biological 
indicators and chemical indicators. Biological indicators, as dieir name implies. 
5 contain a biologically-derived test material. A standard type of biological 
steriUty indicator, for example, as described in U.S. Patent No. 4,732,830, 
contains a known quantity of (est microbial spores. The indicator is placed into 
the sterilization chamber and exposed to the sterilization process along with the 
objects to be steriUzed. Test microorganisms from the exposed indicator, such 

10 as BmUIus stearothermophilus or B, subtiUs spores, are incubated in a growth 
medium for a specified period of time under conditions which favor microbial 
proliferation. The incubation medium is then examined for signs of growth 
which may be determined by the presence or absence of metabolic products. 
Typically, growth is detected by a pH change of the incubation A low 

13 pH is positive for growth and indicates that the sterilization process was 
insufficient to destroy all of the microorganisms. These and other variations of 
the biological sterility indicator are disclosed in U.S. Patent numbers 3,239,429, 
3,440.144, 3,661,717, 4.596.773, 4,717.661, 4,732,830. 4,741,437, 4.743.337, 
4,883.233 and 3.167.923. 

20 A major drawback of biological sterility indicators is the time 

delay in obtaining results of the test. Indicators typically require incubation for 
periods of time which, in the case of spore containiqg indicators, can be several 
days. To help ensure convlete safety, items which were subjected to the 
sterilization process should not be used during this period. The practitioner 

23 should wait until the results of the viability test have been determined, and if 
proper sterilization conditions were not met. wait even longer for the materials 
to be re-sterilized and re-tested. 
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ChoDical indicators contain an analyzabie cbemical and provide 
a more general indication of exposure to a sterilization process by detecting or 
measuriqg one or more of the parameters of the process. Most chemical 
indicators provide a visual indication of exposure to the sterilization process and 
5 contain, for example, a thennotropic ink. The uik can be fixed by» for example, 
printiog directly onto the article to be sterilized or onto a wrapping or 
attachment to the target article. The article and the chonical hidicator uik 
composition are dien eiqposed to the sterilization process and upon conviction, 
the indicator provides an indication of exposmc to or a measure of the 
10 effectiveness of the process. 

The most widely used chemical indicators contain inks whkh 
change color in response to predetermined states or conditions of local 
environment such as would occur during sterilization. For example, as 
described in U.S. Patent No. 3,667,916, a chemical compound such as silver 
IS nitrate will darken upon exposure to heat, high humidi^ and/or the presence of 
ethylene oxide. An indicator device containing this compound, and e3qx>sed to 
a steam or ethylene oxide sterilization process, darkens in color. Substantial 
darkening provides an indication that the sterilization process has been 
encountered. No post-sterilization incubation period is required and, dms, 
20 results can be determined immediately. 

As chraucal indicators are designed to react to the critical 
parameters associated with a particuhtf sterilization process there are at least as 
many variations of chemical indicator compositions as tbm are sterilization 
processes. For example, a steam sterilization process indicator utilizes an 
25 indicator composition which determines that a set temperature, pressure, titng 
or combination of these evrats have been achieved. With a diy heat sterilization 
process, the chemical indicator provides an indication that a certain 
predeter mined temperature had been reached for a given period of time. F r an 
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ettayleoe oxide sterilizadon process, the chemical indicator provides an ifw««ition 
that a predeteraained gas concentration existed in the sterilizatkm chamber. 
Faihue to elicit a detectable color change demonstrates that one or more 
parametos associated with that particidar sterilization process wete not achieved 
5 and immediat ely warns die user that a problm may exist. 

A wide varieQr of chemical indicators have been developed that 
rely on a color change to detemine the sufficieiKry of the sterilization process. 
For example. Rohowetz et al. (U.S. Patent number 4.179,397) is directed to 
oiganic solvent-based ink compositions used as sterilization or pastexirization 

10 indicators. An ink conq)Qsitxon is considered to be organic solvem*based if they 
are greater than 25% organic solvent by weight. These inks comprise a solution 
of binder resin such as a phenol*formaldefayde or lesorcinol-formaldehyde class 
of phenolic resin c he micals, a theimotropic dye that undergoes a color change 
at about 215 ''F (101 ""C). and an organic solvent blend consisting essentially of 

15 a lower aliphatic monohydric alcohol at between about 25% to about 100%. 
These resins are alcohol-based and have a molecular weight in range of t>etween 
about 1.300 to about 10.000. 

Rohowetz et al. (U.S. Patent number 4.155.895) is directed to 
dieraiotropic inks whidi craiprise a binder resin oomponem. an alcohol solvent 

20 and a colorant. The colorant is a dye and may l>e classified as a substituted 
phenazine or diazotization produd of a safiranine forming Jamis Green B, Janus 
Blue. Indoine Blue. Janus Black. Copying Black SK and Copying Black 
1059/1527. Ctmiposidons are stated to produce a detectable color change upon 
ejqMsure to temperatures of at least about 215"F for periods of time ranging 

25 from 2 to 90 minutes. 

Gemionprez et al. (U.S. Intern number 4,166.044) is directed to 
binder-less ink co^^)ositions for use in jet printiQg opmtions on polymeric resin 
surfaces to f rm images that are resistant to abrasion, and which respond to 
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steam sterilization or pasteuiizatioii. The inks utilized cbaiige color upon 
ejqxMure to steam at elevated tempeiatuies. 

Bamaak et al. (U.S. Piatent number 4.Q21.2S2) is directed to inic 
compositions suitable for ink jet printing on metal surftces. The compositions 
comprise a colorant comprised of a shellac and a dye such as aununine. 
chiysoidine, crystal violet or another basic d|ye. and an alcohol-water solvent 
blend to lower the suifBce tension of the iok for printiiv on the metal surftce of 
cans. Compositions may also contain electrolytes to lower the specific resistivity 
of the ink, often necessaiy for printiiig on metal surfaces. 

Rohowetz (U.S. Patent nmnber 4,188,437) is directed to an 
adhesive tape which changes color in the presence of water or steam at elevated 
temperanires. The tape comprises a polymeric base layer having at least one 
surface of a thermotropic ink. The ink comprises a binder resin in a solvent 
blend consisting essentially of a lower alcohol or alcohol mixed with an 
15 oxygenated organic compound such as aliphatic or cyclic ketones, esters or 
ethers, and a solution of colorants and surfactants. 

These thermotropic indicator inks all contain organic solvents 
such as die volatile organic compounds (VOQ metlQfl ethyl ketone, tohiene and 
dimethyl sulfoxide, and metallic salts such as carbonates of lead and copper. 
Color development is a consequence of a reaction of the metallic salt widi a 
suUUr. componem resultiQg in the generation of a bhusk metallic sulfide. 

These types of conventional indicators have a number of problems 
as a result of their formulations. First, there is a limited development of color 
change. As black is the most prevalem signal color, it is often difHeult to 
25 distinguish shadings. Second, the color change emits an offensive odor in 
compositions oontainiiig metallic sulfides. Third, compositions typically reach 
endpoint or, in other words, maximal color change immediately upon exposure 
to th elevated levels of temperature and humidity. Therefore, a graded 
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response to increasing ejqx)sure cannot be easily achieved. There are also 
inqKMtam environmental baxards associafied with the matwifif^iriiig lumdliqg, 
tranqKiztatioii, disposal and landfill of heavy metals such as lead. These hazaids 
are present both before and afk» disposal sudi as in manufacturing and use by 
S patients and health care workers. 



Summary nf the Invcminn 

The present invention overcomes the prc^lems and disadvantages 
associated with current strategies and designs and provides iiKlicator ink 
conqxisitions and sterility indicators containing these conq>ositions which ^^n be 

10 useful for detecting local environmental conditions of temperature, hiunidity, 
pressure and the presence or absence of specific chemicals as may occur in a 
sterilization process. 

One embodiment of the invention is directed to indicator ink 
compositions containing a water-based dispersion of phenol-fomialdefayde resin, 

IS at least one colorant and an amine temiinated catalyst. These indicator ink 
compositions may be theimotropic and cross-link, thereby becomii^ detectable, 
upon exposure to predetennined conditions of tenqierature, pressure or 
humidity, or the presence or absence of specific chemicals. Compositions can 
be used to detect or monitor the efSsctiveness of a sterilization process or to 

20 detect the occurrence of one or more predetennined environmental conditions. 

Another embodiment of the invention is directed to methods for 
determining the effectiveness of sterilization processes. An indicator ink 
composition, containiqg a phenol-fonnaldeliyde resin dispersion in water, at 
least one colorant and an amine-tenninated catalyst, is subjected to die 

25 sterilization process along with an article to be sterilized. The ink conq>osition 
may be housed separately or attached direcdy or indirectiy to the article. Upon 
completion of the process, the indicator ink is obs rved for a detectable change 
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in color. Sterilization processes which can be monitoied by these methods 
include steam, diy heat, ethylene oxide, steam fonnaldehyde. vapor phase 
hydrogen peroxide, peracettc acid and gas plasma. 

Another embodiment of die invention is directed to aittcles to 
S which are fixed indicator ink coinpositionsdiat contain a water^iaseddisp^ 
containing phencd-foimaldelqrde resin, at least one colorant, and an amine- 
teiminated catalyst. Articles may be reusable materials such as medical 
instnunents which can be steiilixed or disposable nBtetials which aie used once 
and discarded. Monitoring die sterilization process assures the user that the 
10 articles have been properiy subjected to the parameters lequiied for sterilization. 

Another enibodinKnt of the invention is directed to sterility 
indicators. Sterility indicators can be used to monitor the effectiveness of a 
sterilization process and comprise a substrate having an indicator ink 
composition affixed thereto. The indicator ink composition is comprised of a 
15 dispersion of phenol-formaldehyde resin in water, at least one colorant and an 
amine-teiminated catalyst. The substrate may be a container which is penetrable 
by the exterior environmem. having the ink composition affixed to an inner 
surface thereof by drying. A color change of the ink can be visualized through 
the container. 

20 Anodier embodiment of the inventionis directed to methods for 

detecting predetermined conditions such as specific tenqieranues, pressures or 
humidities, or the presence or absence of spedBc chemicals. An mdicator ink 
composition containing a phenol-fotmaldehyde resm dispezsion in water, at least 
one coloram, and an amine-teimuiatBd catalyst is fixed to an article. Hie article 

25 is examined to detea a color change of the ink which indicates that the article 
has been exposed to the predetermined environmental conditions. Such methods 
are usefid for monitoring conditions during the manufachire and transportation 
or storag of such goods as foods, phannacoiticals, chemicals, biologically- 
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derived products or agricultural products. Such methods can also be used to 
detenniiie if pasteurizing conditions exist or if efCsctive pasteurization of a 
product has been achieved. 

Other emhodimeats and advantages of the invention are set fqitfa, 
S in pazt» in the d escr i p t ion which follows and, in part, will be obvious firom this 
descrq>tion and may be learned from the practice of the invention. 
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Deserinrinn nf *tw. Invimrinn 

As embodied and broadly described herem. the prescm invention 
is directed to indicator ink compositions, to aiticles which can be mariced with 

the inlccoiiqMMitions and to methods to using the ink coni|msitions.su^ for 
example, in detennining the exposure to a sterilization process. 

Sterilization monitoring involves detecting or measuring the 
exposure of an article, which may be a reusable surgical instrument or a 
disposable device, to specific conditions or states which occur during the 
sterilization process. Conventional chemical sterility indicators contain organic 
solvents such as alcohols, phenolic compounds or other relatively volatile 
organic chemicals which are feirly flammable and often toxic. There remain 
significant risks and costs to die manufiicturBr. In addition, these compositions 
contain heavy metals and sulfur confounds which can be harmfiil to the 
environment. 

The present invention provides an indicator talk composition 
which possesses none of these hazards. Indicator hdc compositions of the 
present invention are water-based dispersions requiring little if any organic 
solvents during manufacoire. Heavy metals, sulfiir compounds and volatile 
organic compounds are not required and. consequently, manuftcniring and 
disposal problems typkaUy associated with diese components are muumized or 
absem. These ink conditions have die additional advantage that sensitivity to 
the specific parameter being measured can be adjusted by incieasiz^ or 
decreasing the concentrations of one or more of the components of the 
composition. Further, and in contrast to conventional organic solvents, purified 
25 water as a solvent provides a less-votatile medhmi which significanUy reduces 
the costs and tbs hazards associated witfi product manufacmring. use and 
disposal. Resulting compositions have a lower VOC contem and greater stabUity 
in comparison to conventional compositions. 



20 
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Qoe embodiment of the invention is directed to an indicator ink 
conqmition which conqirises a water*based dispmion of a resinous 
formaldehyde binder such as phenol*formaidehyde resin» at least one colorant 
and an amine-terminated catalyst. In combination, these conqxments elicit a 
5 detectable chaise when exposed to one or more parameters associated with a 
sterilization process. Such parameters inchide, but are mit limited to, conditions 
such as temperatures firom about O^C and below to about 260*C and above, 
pressures greater than atmospheric pressure* times from seconds to minutes or 
hours, or even years depending on associated conditions, himiidity levels from 
10 the absence of detectable water to saturating conditions, radiation exposure 
greater than about one IcGy, the measurable presence or absence of certain 
chemicals such as ethylene oxide, formaldehyde, peracctic acid or hydrogen 
peroxide, or combinations of these conditions. As ink sensitivity can be 
adjusted, the set of parameters at which the ink will detecftably change can vary 
IS widely. Sensitivity can be s^ to exact conditions which may be known or 
enq^irically determined. 

Phenol-formaldehyde resin dispersions which can be used in 
indicator ink conqxxsitions of the present invention can be classified as (1) 
alcohol-soluble resole resins, (2). colloid-protected water-borne dispersions of 
20 phenol-formaldehyde resins based on para tertiary butyl phenol, or (3) oil- 
modified phenol-formaldehyde varnishes. Preferably, the resin component is a 
coUoid<t>rotectBd water-borne dispersion of a phenol-fbrmalddiyde resin which 
is infinitely dilutable with water. 

Resins may be coated with various polymeric materials including 
25 but not limited to polyvinyl alcohol or acrylic. Coatings serve to further 
stabilize the resin aivl provide increased resistance to the extremes of heat which 
occur with many types of sterilization processes. Preferably, resins are coated 
by cooking the imcoatcd base substances in the presence of a drying oU. Phenol- 
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formaldehyde resins can be cooked to a point weU beyond the gelation stage 
without any significant destruction to the reste base. 

The greater stability of die con^ositions u due, at least peitly, to 
die slower evaporatioa rate of puiified water as compaied with the evaporation 
rale of organic solvents used in odier indicator compositions. The resulting 

dispersion has a molecular weight of less dian 1000 and is dihited with water and 
a smaU amount of coalescent solvent, such as butyl ccUosolve. Some examples 
of resins which may be used include BakeUte BKUA-2370 (Georgia Pacific), 
HRJ10S7 and HRJ11935 (Schenectady International). 

Colorants of the indicator ink conqx>sitions can be dyes or 
combuiation of dyes which provide a visible and preferably permanent color 
change when exposed to the conditions of sterilization. The dyes of choice are 
soluble in the composition and compatftle with the various components. 
Suitable dyes can be divided into reactive dyes, extractable dyes and non- 
15 extractable dyes. The reactive and exizactable dyes may be used either alone or 
in combination with one another or in combination whh non-extractable dyes. 

Colorants of the composition vary in amounts fh>m about 0.5S6 
toabout5% by weight. If a combuiation of djyes is used, die latio of extractable 
to non-extractable dye is between 1:1 and 4:1, preferably between 2:1 and 3:1 
and more prefierably about 2:1. Pkefecably. die uidicatDr inks comprise reactive 
dyes such as. for example, substituted phenazines or diazotized pioducts of 
Saftanine O. Suitable reacdve dyes mchide Janus Gieen B (colour uidex ("Q") 
#1 11050). Janus Blue (Q *12211). Janus Black (d #11825). Copying Black SK 
(a #11957) and Copying Black 1059/1427 (CI #11090). Quinine Oxfanes may 
also be usefbl as reactive dyes, examples hiclude 2.6-Dinitrophenol and Marihis 
Yellow (a #10315). 

Classes of extractable dyes suitable for use include, among odiers. 
aniline dyes or sodium sulfonate salu of triphenyl mediane dyes. Specific 



20 



25 



WOM03242 



PCT/US96A)S137 



12 

examples of dyes of these classes mchide Aniline Blw (CI #42755), Ught Green 
SF (a #42095). FDAC Green #1 and Acid Blue #7. Extractable dyes can also 
come from sodium sulfonate salts of induline such as Acid Bhie #20. 

Classes of non-extractahte dyes whidi may be used include, 
5 amoqg others, phenylsafianine dyes. Exanq>les of such dyes are Safiranine O, 
lUuKluline Violet (CI #44045) and Mediyl Red (CI #13020). Safianine O as the 
non-extractable dye in combination with extractable dyes such as Aniline Blue 
or Light Green SF yields good results that can be easily detected. Such a 
combination results in an initial color of dark blue, which undergoes transition 

10 to a signal color of pink to red. 

Phenol-formaldehyde resins cross-link at elevated tenq)eratures, 
generally above 149*C. This cross-linking causes the indicator conqK>sition to 
undergo a permanent color change. The variables that determine the manner in 
which the phenol-foimaldehyde resin and dyes interact include: for a steam 

15 sterilization process; temperature, pressure, saturated steam content and 
exposure time: and for an ethylene oxide sterilization process: temperature, 
humidiQr, ethylene oxide gas concentration and exposure time. 

Indicator ink compositions contain an amine-terminated polyamide 
curing agent as a cross-linking agent for the phenol-formaldehyde resin 

20 dispersion. The use of an amine-terminated polyamide curiqg agent in 
conjunction with a phenol-formaldehyde resin was generally thought to be 
difficult if not inqx>ssible because most polyamide curing agents are used at a 
1:2 ratio in two pack solid epoxy systems that, when mixed, have relatively 
shon pot lives of about 3 to about 4 hours. 

25 In addition, a polyamide curing agent in conjunction with a 

phenol-formaldehyde resin allows for conq>ositions to be formulated to cross- 
link at a time after the critical sterilization parameters have been achieved 
thereby modulating the sensitivity of the indicators. Adjusting the concentration 
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Of polyamide curing agent in relation to tlw eoncentiation of phenol- 
fonnaldehyde lesin wiU alter the sterilixation parameters at which the resulting 
indicator changes color. The greater the concentration of polyamide curing 
agent, the more sensitive the resulting hidieatorconvosition. The smaller tiie 
5 concentration ofpolyamide curing agem, the less sensitive the resulting indicator 
composition. The amine-tenninated polyamide curing agent is a condensation 
product manuftconed by pre<ondensing a di-primaiy amine witii a dimer acid. 
Homopolymerization occurs between the phenol-formaldehyde methylols and die 
secondary hydrogens of die andne-teiminated polyamide curing agent 
10 componem. The polyamide curing agent should have an amine value between 
about 100 to about 400. Some suitable examples of polyamide curing agents 
mchide UNIREZ E-3358 (Union Camp). Epicure 3140 and Epicure 3100-XY-60 
(SheU Resins). 

Indicator compositions may also inchide. various conventional 
15 additives such as electrolytes, defoaming agents, dispersing agents, drying 
agents, opacifies, rheology modifiers, slip additives, surftctants and viscosi^ 
increasing agents. These additives are generally added in amounts between 
0.1 % and 5% by weight of die total dispersion and are compatible widi die 
different coiiq)osititnis and coatiiigs. 
20 Preferably, indicator compositions provide a permanent color 

change when subjected to predetermined or local environmental conditions. 
Predetermined means tiiat die particular states of temperanire. pressure, 
humidity, radiation, chemical concentration or combination of conditions at 
which die dye wUI change color can be preset. The polyamide curing agent 
15 cross-lmks the phenol-formaldehyde resfai when exposed to a sterilization 
process. Specifically, the polyamide curing agent reacts with die hydroxy 
mediylol groups on die phenol-foimaldehyde resin diereby creating reactive sites 



wo 96^242 



PCT/USMmS137 



14 

for conde nsati on. The inclusion of a greater concentration of the polyamide 
curing agent increases the sensitivity and reactivity of tiie composition. 

The reaction between die polyamide curipg agent and die phenol- 
fonnaMdqf de resin component causes the release of water at condensation sites . 
5 During steam sterilization, this water is super heated within the matrix of the 
thin film and cleaves the azo bond of the <iM yx>ti 7 f4 dye smff resulting in 
creation of a moiety of Safiranine O which gives rise to the color change in the 
indicator composition. 

For indicator conq>ositions with reactive dyes to function 

10 properly, the entire composition is usually balanced for optimal perfonnance and 
stability. These con^ositions are stable at room temperature and stable for long 
luns on a printiz]tg press. An excess of the polyamide curing agent will cause the 
indicator composition to overreact and discolor the printed indicator. This 
produces an erroneous transition in color not representative of proper exposure 

IS of the indicator composition to sterilization conditions. 

For indicator compositions using extractable dyes, the associated 
extraction or leaching step does not occur until the indicator composition has 
been exposed to temperanires above about 50^C (120'F). Extraction of the dye 
occurs during the cross linking and condensation of the phenol*formaldehyde 

20 resin component and should be complete prior to the stage at which tiie phenol- 
formaldehyde component crosslinks fully or the extractable dye will not leach 
out. 

These conq;x>sition8 are contact printable and extremely stable at 
room temperature for greater than six months and preferably for greater than one 
25 year. Conqx>sitions may be incorporated into inks, paints and other 
formulations that may be applied in a variety of manners such as flexognq)hic, 
roto-gravure» roll coating, lithographic, offset, silkscreen and the like, and to a 
variety of substrates such as tapes, lal>els. bags, pouches and cards suitable for 
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IS 

use as sterUization indicaton. Composttioiis may also be ai>pUed in various 
shapes, sizes and thicknesses based vpqa a desiied outcome. 

Another embodiment of the invention is directed to an article 
comprising a surfiice to which has been fixed a thermotropic ink composition 
containing a water-based dispersion of phenol-formaldehyde resin, at least one 
colotam and an amine-terminated catalyst. The article may be reusable or 
disposable such as plastics for tissue culture. Articles may be composed of 
plastic, ceramic, glass, paper, cardboard, wood, metal or combination thereof 
such as laminates. SpecificaUy useflil articles are packaging materials such as 
paper or plastic which can be used to wrap objects to be sterilized. The article 
may be, for example, an adhesive tape which is attached to a container such as 
a can, bottle, bowl, box, crate, pouch or bag. 

The indicator ink conqwsition may also be fixed to a sur&ce of 
the article by, for example, drying to a surface of the article with heat or moving 
15 air. or a surface of a different article attached to die first article. Preferably, the 
phenol-formaldehyde resin of die composition is stabilized with a non-ionic 
colloid. The composition comprises one or more dyes selected from the group 
consistiog of reactive dyes, extractable dyes and non-extractable dyes. The 
amine-teiminatBd catalyst is present in an amount between about 0.S % to about 
13 % of the total weight of the composition. Prefiwably . the amine-terminated 
catalyst is present in an amount between about 8% to about 11%, and more 
preferably at about 10%. 

Another embodiment of the invention is directed to a sterility 
indicator, for indicating exposure to a sterilam or sterilizatioii process, 
comprising a substrate having affixed diereto an indicator ink conq>osition 
containing a dispersion of phenol-foimaldehyde lesin in water, at least one 
coloram and an amine-terminated catalyst. The indicator ink composition can 
be affixed to the substrate by diyiag the water of the composition to create a 



20 



25 
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coatiqg or spot on the artide. The coatiqg inay be fonned into shapes such as 
stripes or leaers such as "AUTOCLAVED*. "EXPOSED" or "STERILIZED" 
to indicate to the user that the article has been exposed to the sterilant or 
sterilization process. Flirther. the sterility indicator may be combined with a 
5 biological indicator to create an indicator with the advantages of bodi types of 
devices. Biological indicators may comprise spores, bacteria or enzymes. 

Another embodiment of die invention is directed to a method for 
determining the effectiveness of a sterilization proc^. An indicator ink 
composidon is fixed or otherwise attached to an article and the article sterilized 
10 in, for example, an autoclave. The indicator ink of die sterilized article is 
examined for evidence of a detectable change in the ink such as a color change. 
Con^mitions may be fixed by diyix^g to a surCsce of a sterility indicator or fixed 
to the objects to be sterilized. Sterilization processes with which sterility 
indicators containing indicator ink compositions of the invention may be us ed 
15 include, inter alia, ethylene oxide sterilization processes, dry heat sterilization 
processes, steam formaldehyde, vsqwr-phase hydrogen peioxide, peracetic acid, 
gas plasma and steam heat sterilization processes. To provide the mA^wn^nn 
flexibility to the indicator composition the amount of amine-tenninated catalyst 
in the composition alters the condition which causes the ink to detectably 
20 change. Sterilization processes which can pose vasdy different sterilization 
parameters are all testable according to the invention as the ink can be modified 
to adjust reactivity patterns. 

Another embodiment of the mvention is directed to a method for 
detecting a local environmental condition. An article is marked wiA an 
2S indicator ink composition. Marking can be performed by fixing the indicator ink 
composition directiy to the article or to an object attached to the article. After 
a period of time, periodically as a quality check or after exposure to an uncertain 
set of conditions such as may occur in transportation, the indicator ink of the 
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uMitod article is examined for a piedetenniMd detectable rfia.^ Tbatchaiige 
signals to a monitor, which may be a peison or an automated detector device, 
that a pitxtetcnnincd event has or has not occurred. Preferable color chaAges arc 
finom a shade of blue or green to a shade of red or violet, or fhrni a light color 
5 suchasyeUow. tan or white to a dark color such as orange, black or gray. A 
detectable cliaAge can be observed visually and indicates that the aitide had beeo 
subjected to, for example, appropriate pasteurizii« conditions, and dnis 
pasteurized, a haimfiil temperature change or storage for an extended period of 
time. 

Automated devices used to detect such changes may include 
computer and computer software and may be integrated imo tiie machinery of 
manu&cniring, packaging, transporution or storage. The article may be one or 
more sanq)les from an assembly line such as used in packaging food products, 
agricultural products, perishable chemicals, elertrical devices, biologically- 
15 derived substances or pharmaceuticals. Typical food products which need to be 
monitored include beverages such as soda, wine and beer, dried and fresh fhuts 
and vegeubles, dairy foods and meats and poultry. Using tiw metiiods of the 
invention, harmful conditions that can occur during manufacnire, transportation 
or storage. can be easily determined. 

20 The foUowing experiments are ofSered to iUustrate embodiments 

of tiie invention, and should not be viewed as limiting tiie scope of the invention. 

Example 1 Peffnrmatv^ Sngeifigatiftnc 

Indicator ink conqmitions can be altered to react in response to 
15 a desired condition or set of conditions. Compositions were tested against 
different performance specifications. Performance specification chosen for 
presentation is tiie Iniemational Standards Organization (ISO) guidelines for 
Chemical Indicators (1 1 140-1). Exposures occurred using a Biological Indicator 
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Evaluator Rcsistometer (BIER) vessel to assure critical control of sterilization 
conditions. 

For steam sterilization process indicators there are diree 
performance specifications defined as follows: 
S Dry Heat Dwell - After exposure to a previously stabilized condition of diy 

heat at ± 2^C for 30 mmutes ± 1 minute, the 

indicator shall show either no change or shall show a 
change that is markedly different from die change 
occurring after exposure to a steam sterilization process* 

10 Lower Window - The endpoint indicating exposure to a steam sterilization 

process shall not occur until the indicator has been 
exposed to saturated steam for not less than 3 'nim f f w at 
121 +3/-0 K (i.e., 3 degrees higher or 0 degrees 
lower) or 30 seconds at 134''C +3/^ and 

15 Upper Window* The indicator shall provide clear visual evidence of 

e^osure to the process after bemg subjected to dry 
saturated steam for not more than 10 tnimitge at 121 
+3/-0 K, and not more than 2 minutes at 134''C +3/-0 
K. 

20 For ethylene oxide sterilization process indicators there are three 

performance specifications defined as follows: 

Humidity Dwell - After exposure to 60"* C ± 2 K at greater than 85% RH 

for not less than 90 minutes* the indicator shall show 
either no change or a change that is markedly different 
2S from the change occurring after exposure to the ethylene 

oxide sterilization process. 

Lower Window - The endpoint indicating exposure to an ethylene oxide 

sterilization process shall not occur until the indicator has 
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been exposed to 600 ± 30 mgAethykoe oxide and 60 ± 
10% RH at 30- C ± 1 K for not less than 5 minuies. and 
Upper Window - The endpoint indicating exposure to an ethylene oxide 
sterilization process abaa occur when the ndicator has 
S been exposed to 600 ± 30 mg/l ethylene oxide and 60 ± 

10% RH at 30-C ± 1 K for a period not exceeding 30 
minutes. 

While diete are a varies of classes of chemical indicators that the 
ISO document defines, the above class of process indicators is used only for 
10 purposes of illustrating the flexibility of indicator compositions in meeting a 
wide variety of peiformance specifications (such as ISO and AAMI - Association 
for Advancement of Medical Instrumentation). 

Example 2 Indicator Ink Cninnn«iriofi Pormiiiafinn A 

An indicator ink conqx)sition was foimulated by mixing the 
IS following ingredients into a dispersion; 



20 



43.5% 


BKUA 2370 


37.8% 


Purified Water 


13.1% 


Titanhmi Dioxide 


3.2% 


E-3358 Polyamide Curing Agent 


1.1% 


Sodhun Laurel Sulfate 


1.0% 


Janus Green B 


0.3% 


Thickener (cellulosic) 



The fluid ink dispeision was printed using a flexographic printing 
press onto coated and uncoated lithographic paper stock, onto coated and 
uncoated clear polyester and onto a pharmaceutical Uthographic substrate. The 
composition was thixotropic in namre with a Brookfield viscosity of 3.000 cps 
and presented an acceptable diy time. Indicaton primed using this fonnulation. 
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when exposed to the ISO panuneters defioed for the Dry Heat Dwell, undawent 
transition in color from the initial blue green color to a shade of browiL Whm 
the coo^wsition was exposed to the param^ers associated with the Lower 
Window it did not diaiige from the initial bhie green color. Indicators printed 
S using this formulation, when exposed to the ISO panuneters defined for the 
Upper Window* also did not change from die midalbhiegieencolor^ Indicators 
printed using compositions of this formulation and exposed to the ISO 
parameters defined for the Upper Window, but for a length of 43 minutes, 
underwent transition from die initial blue green color to the violet signal color. 
10 Example 3 Indicamr Ink Crnnposirion Formulation 

An indicator ink conqiosition was formulated by mixing the 
following ingredients into a dispersion; 



IS 



41.0% 


BKUA-2370 


36.2% 


Purified Water 


10.2% 


E-3358 Polyamide Curing Agent 


10.1% 


Titanium Dioxide 


1.2% 


Sodium Laurel Sulfate 


1.0% 


Janus Green B 


0.3% 


Thickener (cellulosic) 



20 The above fomulation was printed in the same way on the same 

substrates as was the composition of Example 2. Indicators printed using the 
conqKisition of this formulation performed exactly as described above for the 
Dry Heat Dwell and the Lower Window, but when ei^osed to the conditions 
specified in ISO for the U^ier Window die indicators underwent transition from 

25 an initial blue green color to violet signal color. 

The performance of formulations A and B demonstrate that an 
indicator's response to a given sterilization cycle can be controlled by altering 
the concentration of the polyamide curing agent. 
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Example 4 Indicator fair Camnn^iti^ Hkmnuhtimi r 

An indicator ink coiqKMition was foramlated by mixiiig the 
following ingredients into a dispersion; 



5 



10 



42.7% 


ULTREX 49 Soya Based Vamish 


18.0% 


ULTREX 33 Soya Based Vamish 


13.0% 


Titanium Dioxide 


9.2% 


Ethanol 


9.8% 


Magie 47 Lithographic Oil 


5.0% 


E-3358 Polyamide Curiqg Agent 


1.0% 


Cobalt Octoate (drier) 


0.6% 


Janus Oreen B 


0.7% 


Man^nese CX:toate (drier) 



The above composition resulted in a paste and was infendrd fm 
use with an offset letter press and was printed onto both a coated and an 
15 uncoated lithographic paper stodc. onto a coated and an uncoated clear polyester 
and onto a pharmaceutical lidiographic substrate. When exposed to die three 
ISO cycles for steam process indicators, the indicators printed using this 
formulation performed exacdy as those of Example 2. When die two phenol- 
foimaldefayde resins were decreased by 5% total (or 2.5% each) and the 
20 polyamide curing agent increased by 5% die resulting composition was printed 
onto the same substrates and e;q)osed to die diree ISO BIER vessel cycles. 
These altered indicators satisfied die requirements set fbrth by all diree ISO 
specifications for steam sterilization process indicators. 

Indicator ink conqiositions may be formulated for die offset letter 
t5 press. The inclusion of die phenol-formaldehyde resin component, polyamide 
curing agent, and dye into an oU based vamish in no way rfitnini«i.«^ the 
perfonnance of die indicator composition in die pot. on die press or printed on 
substrate. 
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Examples Indicarnr Inlr C^mpo^itiftn Forrniiinrinn n 

An indicator ink composition was fonnulated by mt'ring the 
following ingredients into a dispersion; 

36.6% Purified Water 

5 33.4% BKUA-2370Plienol-Fonnaldehyde 

Resin 

10.2% Er33S8 Polyamide Curing Agent 

9.2% Titanium Dioxide 

3.6% ThidceiKr (associative) 

10 3.0% DowanolPNP 

1.1% Citric Acid 

1.1% Sodium Laurel Sulfiate 

1.0% 2,6-Dinitrophenol 
0.5% Janus Blue 

IS 0.3% Potassium Iodide 

Tbe above fluid conqx>sition is a dual steam/ethylene oxide 
sterilization indicator conq)osition. The conqmsition was printed using a roto- 
gravure printing press onto coated and uticoated lithografdiic paper stock, onto 
coated and uncoated clear polyester and onto a pharmaceutical lithogr^hic 
20 sut)straie. Viscosity was measured in a number 3 Zahnciqi. At 27 seconds the 
viscosiqr was 8S0 cps. When Oie printed hidicators were ejqx>sed to the thne 
parameters ISO defines for a steam sterilization process indicator the y passed all 
the requirements and displayed an initial color of blue and a signal color of 
violet. 

25 These printed indicators also satisfied ISO specifications for an 

Xylene oxide sterilization process indicator. During the Humidi^ Dwell, the 
indicaton remained their initial blue color. Following exposure to condition of 
the Lower Window, th indicators again remained their initial color of blue. 
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FoUowmg exposure to the conditioiis of tbe Upper Window, the indicatoxs 
undenwem transition to a green signal color. This demonstcates die possibility 
of a formulation of a dual stean/ettiylene oxide indicator compositiQn capable 
of responding in different ways to dilferem sterilization cycles. The distinctive 
endpoints associated with each sterilization process can be used to differentiate 
the specific process to which the sterilization indicator had been exposed. 
Ftaithennore. die sensitivity of tbe indicator to either the steam or the ethylene 
oxide sterilization cycle can be altered to meet performance objectives associated 
with each different sterilization process. 

Odier embodiments and uses of the invention will be ^parent to 
those skiUed in the ait fixnn consideration of die speciflcadon and pnu:tice of die 
invention disclosed herein. The specification and examples should be consideied 
exemplary only witfi die true scope and spirit of die uivention indicated by the 
following claims. 
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1 . An indicator ink Goaprisiiig a diqpersion of phenol^fonnalddiyde resin 
in water, at least one colorant and an amine-tenninated catalyst. 

2. A thermotropic indicator ink comprising a dispersion of pheqol- 
5 fonnaldeliyde resin in water, at least one colorant and an anune-terminated 

catalyst wherein said resin has a molecular weight of less than iOOO. 

3. A thermotropic indicator ink comprising a dispersion of phenol- 
formaldehyde resin in water, at least one colorant and a polyamide curing agent 
wherein said resin has a molecular weight of less than 1000. 

10 4. An indicator ink conq>rising a dispersion of phenol-formaldehyde resin 
in water, at least one colorant and an amine-terminated catalyst wherein 
sensitivity to a sterilization parameter is adjustable. 

S. The indicator ink of claims 1, 2, 3 or 4 which has a thermotropic 

property which is adjustable. 
IS 6. The indicator ink of claim S wherein the thennotropic property is 

adjusted by altering the concentration of the polyamide curing agent in relation 

to the concentration of the phenol-formaldehyde resin. 

7. The indicator ink of claims 1, 2, 3 or 4 wherein the phenol-formaldehyde 

resin is stabilized with a coating. 
20 8. The indicator ink of claim 7 wherein the coating is a non-ionic colloid. 

9. The indicator ink of claim 8 wherein the non-ionic colloid is a polyvii^l 
alcohol or an aciylic. 

10. The indicator ink of claims 1, 2, 3 or 4 whmin the phenol-fomialdehyde 
resin is cross-linted on exposure to a teii4>erature of greater than about ISO^C. 

25 11. The indicator ink ofclaims 1,2, 3 or 4 wherein the phenol-fomialdefayde 
resin is an alkaline catalyzed phenolic resin. 
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12. TT»eiiidiauoriiikofclalinsl.2.3or4wlie«^ 

is present at between about 0.5% to abom 5% of the total weigbt of the 
composition. 

13. The indicator inlc of clahns 1, 2 or 4 wherein the amine-tenninated 
5 catalyst is a polyamide curiqg agent. 

14. The indicator ink of claims 3 or 13 wherein the polyamide curing agent 
has an amine vahie between about ioo to about 400. 

15. The indicator ink of claims 3 or 13 whereto polyamide curing agent is 
present at between about 0.5% to about 13% of the total weight of the 

10 conqmsition. 

16. The indicator ink of claims 1 or 4 wherein the phenol-foimaldehyde resin 
has a molecular weight of less than lOOO. 

17. The indicator ink of claim 4 wherein the sterilization parameter is 
temperamre. pressure, radiation, time, concentration of sterihut or a 

15 combination thereof. 

18. The indicator ink of clahns 1 , 2, 3 or 4 wherem the at least one colorant 
comprises one or more dyes selected from die group consisting of reactive dyes 
and extractable dyes. 

19. The indicator ink ofclaim 18 wherein the reactive dye is selected from 
20 the group consisting of substimted phenaztoes. diazotized products of safranine 

and quinine oximes. 

20. The indicator ink ofdahn 18 whereto the extractable dye is selected from 
the group consisting of aniline dyes, sodhon sulfbnate salts of triphaqyl methane 
dyes and sodhim sulfonate salts of toduline. 

25 21. The indicator ink of claims 1. 2. 3 or 4 fiirther comprising a non- 
extractable dye. 

22. The indicator ink of daim 21 wherein the non-extractable dye is a 
ph nylsafranine dye. 



wo 9603242 



PCT/U5MmS137 



26 

23 . The indicator ink of daims 1 • 2 . 3 or 4 ftmher conqirisiiig one or more 
iqgiedie&ts setocted ficom die groiqi consistiqg of etedrolytes, d^Damiqg agents, 
dispersing agrats, dryii^ agents, ppacifim, rlieology modifiers, slip additives, 
siirfu:tants and viscosi^ increasing agents. 

S 24. An article comprising a surfooe to which has been fixed a thermotropic 
ink composition containing a dispersion of phenol-formaldehyde resin in water, 
at least one colorant and an amine-terminated catalyst. 

25. The article of claim 24 which is selected from the group consisting of 
plastics, glass, paper, cardboard, wood, ceramics, metals and combinations 

10 thereof. 

26. The article of claim 24 which is a packaging material, an adhesive tape 
or a container. 

27. The article of claim 24 wherein the ink composition is fixed by drying 
to said surface. 

15 28. A sterility indicator comprising an article having affixed thereto an 
indicator ink omiposition containing a dispersion of phenol-formalddiyde resin 
in water, at least one colorant and an amine-terminated catalyst 
29. The sterili^ indicator of claim 28 wherein die indicator ink composition 
undergoes a visible color change when exposed to predetermined conditions. 

20 30. The sterility indicator of claim 28 wherein die indicator ink cooqxisition 
is affixed to a surface of the article by drying. 

31 . The sterility indicator of claim 28 wherein the substrate is selected from 
the group consisting of paper, plastic, glass, cardboard, wood, ceramics, m^s 
and combinations thereof. 
25 32. The sterility indicator of claim 28 further comprising a biological 
indicator of sterility comprising a spor or an enzyme sample. 
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33. A method for detenniniqg die efftctiveoess of a sterilization process 
cQiiq»risiqg the stqis of: 

a) fixing an indicator ink composition containipg a diqiersion of 
phenol-fomaldebyde fcsin in water, at least one colorant and an 
amine-temiinated catalyst, to an article; 

b) subjecting said article to a set of sterilizing condidons; and 

c) examining the indicator ink of the article for a detectable color 
change. 



34. The method of chdm 33 wherein die stmlization process is selected from 

10 the group consisting of steam, dry heat, ediylene oxide, steam formaldehyde. 

vapor phase hydrogen peroxide, peracetic acid and gas plasma sterilization 
process. 

35. The method of claim 33 wherein the indicator ink is fixed by drying said 
ink conq>osition to a surface of said article. 

15 36. The method of claim 33 wherein die indicator ink is fixed to an object 
attached to a surface of the article. 

37. The method of claun 33 wherein the indicator ink composition is 
thermotropic. 

38. The method of claim 33 wherein varyiqg the amount of amine-terminated 
20 catalyst in die composition alters die set of sterilizu« conditions which cause the 

ink to detectably chaqge. 

39. A metiiod for detecting exposure to a predetermined environmental 
condition conqirisir^ the steps of: 

a) markirig an article widi an indicator ink composition containii^ 
25 a dispersion of phenol-formaldehyde resin in water, at least one 

colorant and an amine-terminated catalyst; and 
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b) ftxamfiitng the indicator ink of the maricBd article for a detectable 
change after txposim to die eovironmental conditioiL 

40. The method of claim 39 ii^iereia the predetmnined environmental 
condition is selected from the groiqi consisting of a tenqieratiire. a pressure, a 

5 faumidiQf level, die presence or absence of specific chemicals and combinations 
thereof 

41. The mediod of claim 39 wherein die article is a manufactured product, 
a pharmaceutical, a food product, an electrical device or a paclcaging material. 

42. The method of claim 39 wherein the detectable change is a color change. 
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